ABSTRACT Effects of the coccidial vaccination and dietary antimicrobial alternatives on growth performance, internal organ development, and intestinal morphology of male broilers subjected to an Eimeria challenge were determined. A total of 1,120 one d-old Ross × Ross 708 male broilers were randomly distributed to 80 floor pens (10 treatments, 8 replication pens/treatment, and 14 chicks/pen). A 2 × 5 factorial arrangement of treatments was used to determine the main and interaction effects of the coccidial vaccination (vaccinated or non-vaccinated) and the dietary additive [1) corn and soybean-meal basal diet, 2) basal diet + antimicrobials (bacitracin and salinomycin), 3) basal diet + probiotics (3 Bacillus subtilis strains), 4) basal diet + prebiotics (mannan-oligosaccharides and β-glucans), and 5) basal diet + probiotics + prebiotics]. To mimic the Eimeria challenge, all chicks were gavaged with a 20x dose of a different coccidial vaccine (live Eimeria oocysts) at Day 14. The coccidial vaccination decreased Day 0-14 and 29-42 BW gain (BWG) and subsequently decreased Day 0-56 BWG. Broilers fed diets with antimicrobials exhibited the lowest feed conversion ratio (FCR) during the periods of Day 0-14 and 15-28, the shallowest ileal crypt depth on Day 28, and the lowest relative duodenum weight on Day 28 and 42. The Pre+Pro diets helped the broilers to reach a lower overall FCR than did the Pro alone diets and helped the broilers reach a FCR similar to that of the Anti diets. However, broilers fed diets supplemented with prebiotics and probiotics exhibited the deepest intestinal crypt depth on Day 28. There was no interaction between coccidial vaccination and dietary additive on growth performance or any carcass yield. In conclusion, antimicrobial additives might reduce the intestinal size of broilers; whereas prebiotic and B. subtilis-based probiotic additives might promote the growth of several digestive organs. Prebiotics can be safely used with B. subtilis-probiotics in broiler feed without compromising feed conversion ability.
INTRODUCTION
Antibiotics have been used in broiler production for the treatment and prevention of bacterial infections and subsequent growth promotion. According to Food and Drug Administration statistics, 80% of antibacterial drugs used in the United States in 2011 were used in animal production (FDA, 2011 (FDA, , 2012 Done et al., 2015) . Although how dietary antibiotics contribute to the overall antibiotic resistance is not clear, some scientists are concerned about the overuse of antibiotics in animal production (Mathew et al., 2007; Landers et al., 2012) . This concern stems from a potential acceleration of the selection of antibiotic-resistant bacte-C 2018 Poultry Science Association Inc. Received November 3, 2017. Accepted November 27, 2018. 1 Corresponding author: wei.zhai@msstate.edu ria in food supplies which may subsequently threaten public health. More broiler integrators have started to implement antibiotic-free programs. Important human antibiotics as well as non-human antibiotics, including ionophore anticoccidials, are being phased out of broiler feeds. In current antibiotic-free programs, the prevention of enteric diseases is the primary issue for broiler producing companies, due to a lack of efficient control of bacteria and coccidia. It has become a priority to develop dietary antibiotic alternatives in order to maintain intestinal microbial balance while also improve the growth of broilers.
Coccidiosis is a common and financially devastating enteric disease for broilers (Williams, 2005) . It is caused by the apicomplexan protozoan Eimeria. Among the various species of Eimeria, E. acervulina, E. maxima, and E. tenella contribute significantly to coccidiosis infection in chickens (De Gussem, 2007) . In the poultry industry, global economic loss due to 2054 coccidiosis is approximately $750 million annually (Shirley et al., 2007) . This loss is attributed to clinical treatment cost and subclinical broiler performance depression (poor feed conversion and slow-growth). Two rotational methods are used to prevent coccidiosis in the poultry industry: dietary anticoccidials (ionophore and chemical) and vaccination. Most chemical anticoccidials are considered less effective than ionophores in controlling coccidiosis due to the rapid build-up of resistance by coccidia (De Gussem, 2007) . Therefore, coccidial vaccination becomes more important for the prevention of coccidiosis in current antibiotic-free production programs. The early exposure of live oocytes boosts specific immunity and protects chicks from coccidiosis challenges in the later phases of growth. Nevertheless, this initial exposure may compromise early BW gain (BWG) and feed conversion efficiency of broiler chicks (Lee et al., 2011) . Previous research has shown that probiotic administration in drinking water has alleviated depressing effects of coccidial vaccination on the early growth of chicks (Ritzi et al., 2016) .
One common probiotic product, Bacillus subtilis spores, benefits broilers by competitively excluding pathogenic bacteria such as Salmonella, Clostridium, and E. coli O78: K80 (La Ragione et al., 2001; La Ragione and Woodward, 2003) . Spores of B. subtilis are widely applied in current poultry feed due to their heat-resistance during feed pelleting and their high recovery rate in the GI tract (Latorre et al., 2014) . Bacillus subtilis spores added to broiler feed have the ability to lower pathogenic bacteria counts in gastrointestinal tract, improve intestinal integrity and apparent nutrient retention, and subsequently improve feed conversion efficiency of broilers (Molnar et al., 2011; Sen et al., 2012; Jeong and Kim, 2014) . The previous study from our lab, feeding B. subtilis spores alone with beta-glucans and mannan-oligosaccharides to broilers improved their growth rate and enabled them to reach their target weights sooner (Wang et al., 2016) . Beta-glucans and mannan-oligosaccharides served as prebiotics. In an in vitro study, it was shown that betaglucans enhanced the growth, viability, and colonization of the probiotic organism (Russo et al., 2012) . Furthermore, in another in vivo study, it was shown that feeding beta-glucans and manna-oligosaccharides to broilers enhanced the adhesion of beneficial bacteria (Lactobacillus) to the intestinal mucosa (Wang et al., 2016) . Manno-oligosaccharides are also able to lower levels of pathogenic bacteria by offering to them competitive binding sites (Fernandez et al., 2000; Biggs et al., 2007) .
Based on these findings, it is hypothesized that the combined use of B. subtilis-based probiotics and prebiotics in the feed may alleviate the negative effects of Eimeria vaccination on chickens. Therefore, in this study, effects of coccidial vaccination and dietary antibiotic alternatives on growth, internal organ development, and intestinal integrity of broilers subjected to an Eimeria challenge were evaluated.
MATERIALS AND METHODS

Treatments and Bird Management
The Institutional Animal Care and Use Committee of Mississippi State University have approved all bird husbandry and handling methods in this study . A total of 1120 one-day-old Ross × Ross 708 male broilers were obtained from a commercial hatchery. All birds received Newcastle and infectious bronchitis vaccines on the day of hatch by a spray. Half of the birds (560) were also spray-vaccinated with a commercial coccidiosis vaccine at recommended levels in a commercial hatchery. The other 560 chicks did not receive the coccidiosis vaccine. Chicks were kept in the delivery baskets for 5 h before being placed in experimental floor pens. The coccidiosis vaccine contained live oocytes of E. maxima, E. acervulina, and E. tenella. Broilers were fed 1 of the 5 diets from Day 0 to 56 (crumbled diets from Day 0 to 14, pelleted after Day 14). The 5 diets were as followed: 1) a corn and soybean-meal control diet (Con), 2) an antibioticsupplemented diet (Anti, Con + 50 g of bacitracin and 40 g of salinomycin sodium/ton of finished feed), 3) a prebiotic-supplemented diet (Pre, Con + 170 g of mannan-oligosaccharides and 250 g of β-glucans/ton of finished feed), 4) a probiotic-supplemented diet (Pro, Con + 2084, LSSAOl, and 15A-P4 of Bacillus subtilis; 280,000 CFU/g of finished feed), and 5) a prebiotic and probiotic combination-supplemented diet (Pre+Pro, products as described above). An anticoccidial additive (salinomycin) was not included in Anti diet from Day 0 to 14 to allow for the full efficacy of the coccidiosis vaccination. All additives are commercially available. Bacillus subtilis counts in the finished feed were confirmed in a blind test by a commercial laboratory.
All major ingredients (corn, soybean meal, and meat and bone meal) were analyzed using near-infrared spectroscopy (NIR system, model: XDS-XM-1100 series, FOSS, Sweden) and a commercial database (Precise Nutrition Evaluation, Adisseo, Alpharetta, GA) for determination of digestible AA and AME values. These values were used to formulate the Con diet that met all requirements of male broilers exhibiting standard performance (Rostagno et al., 2011, Table 1 ). Antibiotics, as well as prebiotics and probiotics, were incorporated into the diets with the equivalent amount of sand in the Con diet.
Eighty floor pens (0.91 × 1.22 meter) were divided into 8 blocks that were equally spaced in an environmentally controlled facility. Ten pens, each assigned a particular treatment group (2 vaccination status × 5 diets), were randomly assigned to each block. Fourteen broiler chicks were randomly distributed among the 80 floor pens (0.0796m 2 /bird). Each floor pen was equipped with 3 nipple drinkers, 1 hanging feeder, 3 rubber dividers, and top-dressed with fresh woodshavings litter. Chicks had ad libitum access to water and feed. Light programs of 24L:0D and 20L:4D were 2 Premix provided the following ingredients per kilogram of finished feed: 2.654 μg retinyl acetate, 110 μg cholecalciferol, 9.9 mg DL-α-tocopherol acetate, 0.9 mg menadione, 0.01 mg vitamin B12, 0.6 μg folic acid, 379 mg choline, 8.8 mg D-pantothenic acid, 5.0 mg riboflavin, 33 mg niacin, 1.0 mg thiamine, 0.1 mg D-biotin, 0.9 mg pyridoxine, 28 mg ethoxyquin, 55 mg manganese, 50 mg zinc, 28 mg iron, 4 mg copper, 0.5 mg iodine, and 0.1 mg selenium. 3 The phytase product contained 10,000 FTY/g phytase. One unit (FYT) of the phytase can liberate 1 mM of inorganic phosphate per min from sodium phytate at pH 5.5 and 37
• C. 4 The Xylanase product contained 160,000 BXU/g xylanase. One unit (BXU) of the xylanase can liberate 0.06 mM of reducing sugars from birch xylan per min at pH 5.3 and 50
• C. 5 Experimental feed additives [commercial prebiotics (170 g of mannan-oligosaccharides and 250 g of β-glucans/ton of finished feed), probiotics (300,000 CFU of Bacillus subtilis/g of finished feed, Bacillus product consisted of 3 strains, 2084, LSSAOl, and 15A-P4 at equal amounts), or antibiotics (50 g of bacitracin and 40 g of salinomycin sodium/ton of finished feed)] replaced the equivalent amount of sand in diet.
6 Nutrient contents were calculated on a dry matter basis.
provided from Days 0 to 7 and 8 to 56, respectively. 
Growth Performance and Carcass Yield
Experimental diets were provided to the broilers in accordance with the following growth phases: starter (Day 0 to 14), grower (Day 15 to 28), finisher (Day 29 to 42), and withdrawal (Day 43 to 56). Mortality, dead Bacillus subtilis strains of 2084, LSSAOl, and 15A-P4 at equal amounts, 300,000 CFU/g of finished feed) and Pre+Pro (basal diet supplemented with prebiotic and probiotics products above).
a,b
Means in a column not sharing a common superscript are different (P ≤ 0.05). Means of non-significant interaction are not listed. 2 Experiment diets included Con (control, corn and soybean-meal basal diet), Anti (antimicrobials, basal diet supplemented with 50 g of bacitracin and 40 g of salinomycin sodium/ton of finished feed), Pre (prebiotics, basal diet supplemented with 170 g of mannan-oligosaccharides and 250 g of β-glucans/ton of finished feed), Pro (probiotics, basal diet supplemented with 3 Bacillus subtilis strains of 2084, LSSAOl, and 15A-P4 at equal amounts, 300,000 CFU/g of finished feed), and Pre+Pro (basal diet supplemented with both prebiotic and probiotics products above). Means of non-significant interaction are not listed. 2 Experiment diets included Con (control, corn and soybean-meal basal diet), Anti (antimicrobials, basal diet supplemented with 50 g of bacitracin and 40 g of salinomycin sodium/ton of finished feed), Pre (prebiotics, basal diet supplemented with 170 g of mannan-oligosaccharides and 250 g of β-glucans/ton of finished feed), Pro (probiotics, basal diet supplemented with 3 Bacillus subtilis strains of 2084, LSSAOl, and 15A-P4 at equal amounts, 300,000 CFU/g of finished feed), and Pre+Pro (basal diet supplemented with both prebiotic and probiotics products above).
a,b Means in a column not sharing a common superscript are different (P ≤ 0.05). Means of non-significant interaction are not listed.
bird BW, weights of feed and birds on a pen basis were recorded and used to calculate bird BWG, feed intake, and mortality corrected feed conversion ratio (FCR) within each growing phase. Birds used for sampling and processing were not considered as mortality. Mortality was calculated by dividing the number of live birds on the last day of the each period by the number of live birds on the first day of the period. Three broilers per pen on Day 42 were randomly selected and weighed individually for processing. Feed and water were withdrawn from the birds for 16 h before processing. Birds were automatically processed, chilled in an ice-water slurry for 4 h, and manually deboned. Carcasses were weighed at the time of processing. Wings, drumsticks, thighs, boneless and skinless breasts, and tenders were weighed at the time of deboning.
Intestine Sampling and Morphology Exam
On Day 14, 28, 42, and 56, one bird per pen was randomly selected for sampling of internal organs. Each broiler was weighed individually, euthanized by CO 2 asphyxiation, and dissected. Lengths of each segment of the small intestine (duodenum, jejunum, and ileum) were measured as described by Wang et al. (2015) . The pH of the contents of gizzard and ileum were measured using a portable pH meter (Accumet AP110, Thermo Fisher Scientific, Waltham, MA). Weights of the pancreas, spleen, empty gizzard, proventriculus, duodenum, jejunum, and ileum were recorded. On Day 28, 42, and 56, ileal digesta were collected, stored on ice, and then centrifuged at 7200 × g for 10 min to collect the supernatant. The viscosity of the ileal digesta supernatant was read at 20 rpm and 25
• C using a Brookfield Programmable Viscometer (LVDV-II + Pro, Brookfield Engineering Laboratories, Stoughton, MA). On Day 28, the intestinal morphology of vaccinated broilers was examed. A 2.5 cm intestine section from the middle of each intestine segment (duodenum, jejunum, and ileum) was obtained for histological analysis. Histological samples were processed as described by Wang et al. (2015) . Villus length, width, crypt depth, muscle thickness, and goblet cell size were measured (Fasina et al., 2010) .
Experimental Design and Data Analysis
A randomized complete block design was applied in this study. A two-way factorial arrangement of treatments was used to test the main effects of dietary additives and coccidial vaccination as well as their interaction effects. Each of the 8 blocks in the housing facility served as a unit of replication. Each pen in each block was randomly assigned one of the 10 treatments. Main and interaction treatment effects on growth performance, carcass yield, and gut development were tested by two-way ANOVA analysis (2 coccidial vaccination treatments × 5 diets). An unrestricted-mixed model in the PROC GLM procedure (SAS version 9.2, SAS Institute, 2010) was used with coccidial vaccination, dietary additive, and their interaction as fixed effects and with a block as a random effect. Significant differences among fixed factors were determined in a hierarchical order. Main effects of coccidial vaccination and dietary additive were tested only if there was no significant interaction. Mortality data were arc sin transformed before ANOVA analysis. Results of mortality were transformed back to original unit in Table 2 . Results of intestinal morphology were generated by a oneway ANOVA analysis of the 5 dietary treatments. The PROC GLM procedure (SAS version 9.2, SAS Institute, 2010) was used to determine the main effect of dietary additive with dietary additive as a fixed effect and block as a random effect. Fisher's least significant difference test was conducted if there were significant differences among treatments. All significant levels were set at α = 0.05.
RESULTS
Growth Performance and Carcass Yield
Growth performance was not affected by a coccidial vaccination and dietary additive treatment interaction (P > 0.05, Table 2 ). Coccidial vaccination on day of hatch decreased feed intake from Days 29 to 42 (P = 0.021) and Day 43 to 56 (P = 0.001), and subsequently decreased overall feed intake from Day 0 to 56 (P = 0.002). This coccidial vaccination also decreased BWG from Days 0 to 14 (P = 0.012) and Day 29 to 42 (P = 0.021), and subsequently decreased overall BWG from Day 0 to 56 (P = 0.022). In addition, the coccidial vaccination increased early mortality from Day 0 to 14 (P = 0.017) without affecting later mortalities or overall mortality from Day 0 to 56. Broilers fed Anti diets exhibited the lowest FCR from Day 0 to 14 (P = 0.014) and from Day 15 to 28 (P = 0.007), and likewise exhibited the highest feed intake (P = 0.007) and BWG (P = <0.001) from Day 15 to 28. Broilers fed Pre+Pro diets as well as those fed Anti diets exhibited a lower overall FCR from Day 0 to 56 than broilers fed Pro diets (P = 0.030).
There were no main or interaction effects of coccidial vaccination and dietary additive on the absolute weights of carcass and parts on Day 42 (Table 3) . Coccidial vaccination decreased relative breast (P = 0.026, Table 4 ) and drumstick weights on Day 42 (P = 0.011). Dietary additive did not affect any relative weights of carcass on Day 42.
Internal Organs
At Day 14, there was an interaction effect between coccidial vaccination and dietary additive on the relative pancreas weight (P = 0.038, Figure 1 ). For nonvaccinated broilers, feeding Pre diets increased relative pancreas weights as compared to feeding Anti diets. For vaccinated broilers, feeding Pro diets increased relative pancreas weights as compared to feeding Con or Pre diets. The coccidial vaccination decreased relative jejunum weight (Table 5 , P = 0.034) and ileal pH (P < 0.001). Broilers fed Pro diets exhibited a higher relative proventriculus weight than those fed Con, Anti, Pre, and Pre+Pro diets (P = 0.009). Broilers fed Pre diets exhibited a higher relative proventriculus weight than those fed Anti diets. In addition, broilers fed Pre diets exhibited the highest relative gizzard weight (P = 0.018).
At Day 28, there was no interaction between coccidial vaccination and dietary additive on any internal organ sizes, or on ileal pH or viscosity (Table 6 ). However, coccidial vaccination decreased relative gizzard weight (P = 0.002). Broilers fed Anti diets exhibited the lowest relative duodenum (P = 0.021), jejunum (P = 0.039), and ileum weights (P = 0.003). Conversely, broilers fed Pre+Pro diets exhibited the highest relative duodenum and jejunum weights. Also, broilers fed Pro diets exhibited a longer ileum than those fed Con, Anti, and Pre+Pro diets (P = 0.046).
At Day 42, there was no interaction between coccidial vaccination and dietary additive on any internal organ sizes or any other measured variables (Table 7) . However, coccidial vaccination decreased relative duodenum (P = 0.006) and jejunum weights (P = 0.044). In addition, broilers fed Anti diets exhibited lower relative duodenum weights than those fed Con, Pro, and Pre+Pro diets (P = 0.025).
At Day 56, there was a significant (P = 0.026) interaction between coccidial vaccination and dietary additive on gizzard pH (Figure 2) . In broilers that did not receive the coccidial vaccination, the Pro diet decreased their gizzard pH in comparison to the Con diet; and in broilers that received a coccidial vaccination, the Pre diet decreased their gizzard pH in comparison to the Con and Pro diets. Nevertheless, coccidial vaccination increased the length (P = 0.038, Table 8 ) and relative weight (P = 0.030) of the duodenum. Bacillus subtilis strains of 2084, LSSAOl, and 15A-P4 at equal amounts, 300,000 CFU/g of finished feed), and Pre+Pro (basal diet supplemented with both prebiotic and probiotics products above).
3
Interaction on relative pancreas weight is presented in Figure 1 . Means of non-significant interaction are not listed.
a-c
Means in a column not sharing a common superscript are different (P ≤ 0.05). Table 6 . Effects of coccidial vaccination and dietary additive on the internal organs of broilers at 28 D of age. 
Intestinal Morphology
Dietary additive did not affect duodenum or jejunum morphology in Eimeria-challenged broilers on Day 28 (Table 9 ). However, broilers fed Pre+Pro diets exhibited a higher ileal crypt depth than those fed Con and Anti diets (P = 0.041). In addition, broilers fed Pre diets or Pro diets exhibited a higher crypt depth than those fed Anti diets.
DISCUSSION
The prevention of coccidiosis in poultry has relied upon dietary anticoccidials and vaccination administration programs. The current trend toward the use of antimicrobial-free poultry diets and the increased drugresistance of Eimeria strains have forced companies to rely more on vaccination administration for the control of coccidiosis (De Gussem, 2007) . Previous research has indicated that coccidial vaccination may depress the growth of broilers at a young age (Lee et al., 2011 ). In the current study, coccidial vaccination at the day of hatch resulted in compromised growth performance in broilers (lowered feed intake and BWG). On Day 14, a clinical-coccidiosis was induced to chicks. The gut hemorrhage and a sudden increase in mortality were observed. One possible explanation is broiler chicks may have not developed a fully mature immune system at Day 14. They might not be able to protect themselves against a severe Eimeria challenge. Protective immunity from a vaccination relies on Eimeria oocytes that are recycled through litter, which may take 2 to 3 life cycles (Long et al., 1986) . Eimeria has a complex life cycle, including intracellular, extracellular, asexual, and sexual stages, which leads to a complex host immune response (Yun et al., 2000) . Parasite-specific antibodies produced by intestinal B cells, and cytokines produced by intestinal T lymphocytes, are responsible for a specific immunity to coccidiosis . In addition, this specific immunity has been found to be strain specific, especially with regard to the E. maxima (Fizt-Coy, 1992; Martin et al., 1997 ). In the current study, the coccidial vaccination (E. maxima, E. acervulina, and E. tenella) given to chicks on the day of hatch was different from the one used for the Eimeria challenge (E. acervulina, E. mivati, E. maxima, and E. tenella) . Then the vaccination failed to provide the coverage against the challenge. As a consequence, the vaccination has aggravated the insult imposed by Eimeria challenge and thereby irreversibly depressed growth performance.
In addition to slowing down the growth rate of broilers, coccidiosis oocyst vaccination may also depress the growth of the small intestines of broilers at an early age. Chapman (2014) summarized that Eimeria spp. infection can result in the malabsorption of nutrients (E. acervulina and E. mitis), epithelial inflammation (E. maxima), and villi destruction (E. tenella). Eimeria sporozoites and merozoites can secrete proteins that can form a moving junction at the parasite-host cell membrane (Lal et al., 2009; Cowper et al., 2012) . This moving junction allows sporozoites and merozoites to invade host epithelial cells and to absorb nutrients competitively. The inadequate absorption of nutrients including L-arginine, threonine (Wils-Plotz et al., 2013) and vitamin E (Allen and Fetterer, 2002) by epithelial cells may ultimately lead to their damage to death. In this study, mucosa morphology was not significantly Bacillus subtilis strains of 2084, LSSAOl, and 15A-P4 at equal amounts, 300,000 CFU/g of finished feed), and Pre+Pro (basal diet supplemented with both prebiotic and probiotics products above).
3
Interaction on gizzard pH is summarized in Figure 2 . Means of non-significant interaction are not listed.
Means in a column not sharing a common superscript are different (P ≤ 0.05).
affected by the coccidial vaccination. However, vaccinated broilers exhibited a lower relative ileum weight on Day 14, and lower relative of the duodenum and jejunum on Day 42. This would indicate that vaccinated broilers had poor intestinal development. In this study, the combined use of bacitracin and salinomycin in a corn and soybean-meal basal diet served as a practical control in a conventional feeding program. Consistent with a similar study conducted by our lab (Wang et al., 2016) , this antimicrobial diet was shown to improve the growth of broilers at an early age. In that study, the use of bacitracin in combination with other anticoccidials (narasin and nicarbazin) improved broiler BWG from Day 15 to 27 and breast weight on Day 42. In the current study, the combined use of bacitracin and salinomycin improved broiler FCR from Day 0 to 14 and Day 15 to 28. In addition, no deaths occurred when broilers were fed the antimicrobial diet from Day 15 to 42.
In previous studies, in which no Eimeria challenge was administrated, intestinal size (lengths and weights) was reduced in broilers fed diets containing antimicrobials (Miles et al., 2006; Wang et al., 2016) . Shorter intestinal lengths in fast-growing chickens have been associated with efficient nutrient absorption (Dibner and Richards, 2005 ). In the current study, in which an Eimeria challenge was employed, the inclusion of antimicrobials in the diet also decreased the relative weight of the small intestine. In addition, the use of dietary antimicrobials reduced the relative weight of the proventriculus of broilers without affecting their BW. More energy may have been saved and partitioned towards growth rather than towards organ maintenance. The primary mechanism behind the growth promoting effects of antimicrobials may be through their inhibition of bacterial growth. When compared to conventional animals, germfree animals have thinner intestinal mucosa and shallower crypt (Thompson and Trexler, 1971) . These morphology features in germ-free intestines are considered to be the result of a lack of immunological stimulus by bacteria (Thompson and Trexler, 1971) . In this study, a shallower ileal crypt was also observed in antibiotictreated broilers.
Neither of the prebiotic or probiotic treatment improved the growth or carcass yield of broilers. This is contradictory to other probiotic studies, in which a mixture of different bacteria species used (Bozkurt et al., 2014; Ritzi et al., 2016) . A mixture of Enterococcus, Bifidobacterium, Pediococcus, and Lactobacillus alleviated the negative effects of the coccidial challenge on growth (Ritzi et al., 2016) . A mixture of L. acidophilus, L. casei, Enterococcus faecium, and B. bifidum improved the BWG of Eimeria-infected broilers (Bozkurt et al., 2014) . However, 3 different strains of B. subtilis, which were included as the probiotic treatment in the current study, failed to improve the growth of Eimeria-challenged broilers. The failure to improve the growth of broilers fed prebiotic or probiotic diets may be a result of the severity of challenge. a-c Means in a column not sharing a common superscript are different (P ≤ 0.05). 1 Intestine samples were taken from vaccinated birds (8 replications/diet treatment, n = 40). 2 Experiment diets included Con (control, corn and soybean-meal basal diet), Anti (antibiotics, basal diet supplemented with 50 g of bacitracin and 40 g of salinomycin sodium/ton of finished feed), Pre (prebiotics, basal diet supplemented with 170 g of mannan-oligosaccharides and 250 g of β-glucans/ton of finished feed), Pro (probiotics, basal diet supplemented with 3 Bacillus subtilis strains of 2084, LSSAOl, and 15A-P4 at equal amounts, 300,000 CFU/g of finished feed), and Pre+Pro (basal diet supplemented with both prebiotic and probiotics products above.
In this study, specific coccidiosis lesions, intestinal hemorrhaging, necrotic lesions, and high mortality have been observed in broilers after an Eimeria challenge. To control this heavy coccidiosis, the inclusion of probiotics or prebiotics as feed additives alone is not enough.
Even though the prebiotic and B. subtilis-based probiotics treatments applied in this study did not improve the growth or meat yield of broilers, both of them promoted the growth of the digestive organs of the broilers. On Day 14, broilers fed diets containing prebiotics (mannan oligosaccharides and β-glucans) exhibited the highest gizzard weights. Another mannan oligosaccharides prebiotic product (TechnoMos, Biochem, German) increased the gizzard size of broilers when they were not subjected to a coccidiosis challenge (Sojoudi et al., 2012) . Further studies need to be conducted to understand better how prebiotics promote gizzard growth. In addition, broilers fed diets containing B. subtilis-based probiotics exhibited the highest proventriculus relative weight on Day 14. Up to 90% of B. subtilis spores can germinate into active vegetable cells in the crop (Latorre et al., 2014) . The mechanism by which active B. subtilis cells stimulate the growth of the proventriculus is not clear. However, it is suggested that it may be related to the enrichment of acid bacteria, such as Lactobacillus spp., which can stimulate the growth of proventriculus (Jeong and Kim, 2014) . In addition, the inclusion of B. subtilis cells enhances innate immunity in the proventriculus of broilers (Monammed et al., 2015) , which may indirectly promote their growth.
A synergistic activity of B. subtilis and prebiotics was observed in the current study. The Pre+Pro diets helped the broilers to reach a lower overall FCR than did the Pro diets and helped the broilers reach an FCR similar to that by the Anti diets. Mannanoligosaccharides are reported to lower pathogenic bacterial growth (White et al., 2002) , which may expose more sites for Lactobacillus to bind to the mucosal layer (Wang et al., 2016) . Using mannan-oligosaccharides might also help the growth of B. subtilis by lowering the numbers of competitive bacteria.
In conclusion, antimicrobial administration might reduce the intestinal size of broilers; whereas prebiotic and B. subtilis-based probiotic additives have an ability to promote the growth of several digestive organs. Even though the combined use of prebiotics and B. subtilisprobiotics did not improve the meat production of broilers subjected to Eimeria challenge, the combined use may help broilers to reach an overall FCR similar to that in the traditional program with antimicrobials.
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